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After some post doctorate work at UC -Berkeley, he was 
awarded a faculty appointment at Caltech in 1976, where 
he has remained since, and in 1990, he was made the first 
Linus Pauling Chair in Chemical Physics. He became a 
naturalized citizen of t he United States in 1982. 
Ahmed Hassan Zewa il is an Egyptian-American scientist, and 
the winner of the 1"999 Nobel Prize in Chemistry for his work on 
femtochemist ry. He is the Linus Pauling Chair Professor 
Chemistry, Professor of Physics, and the Director of the Physical 
Biology Center for Ultrafast Science and Technology (UST) and 
the NSF Laboratory for Molecular Sciences (LMS) at the 
California Institute of Technology. His current research is 
devoted to dynamical chemistry and biology, with a focus on 
the physics of elementary processes in complex systems. A 
major research frontier is t he new development of "4D ultrafast 
diffraction and microscopy'; making possible the imaging of 
transient . structures in space and t ime with atomic-scale 
resolution. 
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areas of science, technology, and innovation. 
Zewail's key work has been as the pioneer of 
femtochemist ry-i.e. the study of chemical reactions across 
femtoseconds. Using a rapid ultrafast laser technique 
(consisting of ultrashort laser f lashes), t he technique allows 
the description of reactions on very short t ime scales-short 
enough to analyse transition states in selected chemica l 
reactions. 
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peace). Other international awards include the Wolf Prize in 
Chemistry (1 993) awarded to him by t he Wolf Foundation, 
the Tolman Medal (1997), the Robert A. Welch Award (1997). 
and the Priestley Medal from the American Chemical 
Society in 201 1. In 1999, he received Egypt's highest state 
honor, the Grand Collar of t he Nile. 
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Sciences. Cambridge University awarded him 
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May 2008, Zewail received a PhD Honoris 
Causa from Complutense University of 
Madrid. In February, 2009, Zewail was awarded 
an honorary PhD in arts and sciences by the 
University of Jordan. In May 2010, he received 
a PhD Honoris Causa in Humane Letters from 
Southwestern University. 
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and raised in Disuq. He received bachelor's degree and MS 
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Egypt to the United States to complete his PhD at the University 
of Pennsylvania with advisor Dr. Robin Hochstrasser. He 
completed a post-doctoral fellowship at the University of 
Zewa il is married, and has four ch ildren. 
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Nuclear Magnetic Resonance Su~c: 
Nuclear Magnetic Resonance 
Over the past fifty years nuclear magnetic 
resonance spectroscopy, commonly 
referred to as NMR, has become the 
preeminent technique for determining 
the structure of organic compounds. Of all 
the spectroscopic methods, it is the only 
one for which a complete analysis and 
interpretation of the entire spectrum is 
normally expected. Although larger 
amounts of sample are needed than for 
mass spectroscopy, NMR is 
non-destructive, and with modern 
inst ruments good data may be obtained 
from samples weighing less than a 
milligram. 
NMR is a phenomenon which occurs when 
the nuclei of certain atoms are immersed 
in a static magnetic field and exposed to a 
second oscillating magnetic field. Some 
nuclei experience this phenomenon, and 
others do not, dependent upon whether 
they possess a property called spin. The 
nuclei of many elemental isotopes have a 
characteristic spin (1). Some nuclei have 
integral spins (e.g.l = 1, 2, 3 .... ),some have 
fract ional spins (e.g. l = 1/2,3/2, 5/2 .... ),and 
a few have no spin, I = 0 (e.g. 12C, 160, 32S, 
.... ).Isotopes of particular interest and use 
to organic chemists are 1 H, 13C, 19F and 
31 P. all of which have I = 1/2. 
Spectroscopy 
Spectroscopy is the study of the interaction of 
electromagnetic radiation with matter. 
Nuclear magnetic resonance spectroscopy is 
the use of the NMR phem:>menon to study 
physical, chemical, and biological properties 
of matter. In NMR spectroscopy, this electro-
magnetic radiation falls in t he radio frequency 
region of the electromagnetic spectrum.NMR 
spectroscopy is therefore the energetically 
mildest probe used to examine the structure 
of molecules. 
NMR spectroscopy is routinely used by 
chemists to study chemical structure using 
simple one-dimensional techniques. 
Two-dimensional techniques are used to 
determine the structure of more complicated 
molecules. These techniques are replacing 
x-ray crystallography for the determination of 
protein structure. Time domain NMR 
spectroscopic techniques are used to probe 
molecular dynamics in solutions. Solid state 
NMR spectroscopy is used to determine the 
molecular structure of solids. Other scientists 
have developed NMR methods of measuring 
diffusion coefficients. 
The versatility of NMR makes it pervasive in 
the sciences. Scientists and students are 
discovering t hat knowledge of the science 
and technology of NMR is essential for 
applying, as well as developing, new 
applications for it. 
1. A spinning charge 
generates a magnetic field, 
as shown (right). The 
resulting spin-magnet has 
a magnetic moment (J.l) 
proportional to the spin. 
2. In the presence of an external 
magnetic field (BO), two spin states 
exist,+ 1/2 and-1 /2. 
The magnetic moment of the lower 
energy + 1/2 state is aligned with the 
external field, but that of the higher 
energy -1/2 spin state is opposed to 
the external field. (The arrow 
representing the external field points 
North.) 
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3. The difference in energy between 
the two spin states is dependent on 
the external magnetic field strength, 
and is always very small. The 
following diagram illustrates that the 
two spin states have the same 
energy when the external field is 
zero, but diverge as the field 
increases. At a field equal to Bx a 
formula for the energy difference is 
g iven (remember I = 1/2 and J.l is the 
magnetic moment of the nucleus in 
the field). 
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Strong magnetic fields are necessary for nmr spectroscopy. The international 
unit for magnetic flux is the tesla (T).The earth's magnetic field is not constant. 
but is approximately 10-4 T at ground level. Modern nmr spect rometers use 
powerful magnets having fields of 1 to 20 T. Even with these high fields, the 
energy difference between the two spin states is less than 0.1 cal/ mole. To put 
this in perspective, recall that infrared transitions involve 1 to 10 kcal!mole and 
electronic transitions are nearly 100 t ime greater. 
For NMR purposes, this small energy difference (L'.E) is usually given as a 
frequency in units of MHz {1 06 Hz), ranging from 20 to 900 Mz, depending on 
the magnetic field strength and the specific nucleus being studied. Irradiation 
of a sample with radio frequency (rf) energy corresponding exactly to the spin 
state separation of a specific set of nuclei will cause excitation of those nuclei in 
the + 1/2 state to the higher -1/2 spin state. 
